Abstract The rates of overweight and obesity are increasing worldwide in both developed and developing countries. Obesity is a major public health problem as it is associated with many diseases, including diabetes, hypertension, dyslipidemia, atherosclerosis, and some types of cancer. Breast cancer is a malignancy in which both the risk of development and the prognosis are negatively impacted by the obese state. The precise mechanisms pathophysiologically linking obesity and cancer are still under investigation. The biological basis for these associations includes both systemic and local tissue effects and white adipose tissue inflammation appears to be a critical component. A comprehensive understanding of the mechanisms linking obesity, inflammation and cancer may provide an opportunity for the development of strategies to attenuate the negative impact of obesity.
Introduction -Obesity as a Global Health Problem
Overweight and obesity present a complex health problem that has been described as a global pandemic [1] [2] [3] . For adults, overweight and obesity categorizations are generally determined by using weight and height to calculate body mass index (BMI). The World Health Organization (WHO) categorizes overweight as a BMI between 25 and 29.9 kg/m 2 and obesity as a BMI ≥30 kg/m 2 , however there is an active debate regarding the limitations of BMI to define obesity and overweight categories for various populations [4] . Regardless of the specific BMI cut-points used, in 2010 these elevated BMI categories were estimated to contribute to 3.4 million deaths worldwide and to account for 3.8 % of global disabilityadjusted life-years lost [5] . Multiple studies have suggested growing rates of overweight and obesity around the world in recent decades [6] [7] [8] . In 2013, the number of overweight/ obese people in the world was estimated at 2.1 billion, representing almost one-third of the world's population [7] . Alarmingly, this trend toward increased overweight and obesity has been reported not only in adults, but also among children and adolescents [7] .
The increase in overweight and obesity is seen in both developed and developing countries. In the United States (US), more than two-thirds of adults are considered to be overweight or obese and these rates continue to rise [9, 10] . Estimates for the number of deaths attributable to obesity in the United States can be as high as 365,000 per year [11] . At least in the US, obesity and overweight have been described as important causes of possible declines in life expectancy later this century [12] . Medical costs related to obesity were estimated at $147 billion in 2008 in the US [13] , and these numbers could increase by $48 to $66 billion per year if the obesity rates continue to rise unchecked [14] . In 2006, the per capita medical costs for obese people were $1429 (42 %) higher than those of normal weight, across Medicare, Medicaid and private insurers [15] .
Once considered a problem of developed countries, overweight and obesity are now increasing in developing countries, particularly in urban areas. In these countries, the rate of increase of childhood overweight and obesity has been more than 30 % higher than in developed counterparts [16] . In addition, it was estimated that more than half of the world's obese people live in only ten countries (USA, China, India, Russia, Brazil, Mexico, Egypt, Germany, Pakistan, and Indonesia), and that two thirds of the obese are distributed among the developing nations [7] .
As other developing countries, India is dichotomously affected with both overweight/obesity and underweight as major public health problems [17, 18] . On one side of this spectrum, India has one of the highest numbers of undernourished children; on the other, diseases commonly related to overweight and obesity are also leading causes of disability and death [18] . The incidence of diabetes, hypertension and cardiovascular diseases associated with overweight and obesity are on the rise in India [19, 20] , and it is estimated that the population affected by diabetes and hypertension will increase to more than 100 million and more than 214 million respectively by 2030 [21, 22] . India probably contains the third largest number of obese citizens in the world in absolute numbers. Jointly with China, these two countries accounted for 15 % of obese people worldwide in 2013 [7] .
There are many diseases associated with obesity, including diabetes, hypertension, dyslipidemia, atherosclerosis, and cancer. In this article we focus on the relationships between obesity and malignances, specifically breast cancer. We review recent pathophysiologic insights, research findings and opportunities for intervention.
Obesity and Malignances
There are many sources of epidemiological data linking obesity to an increased risk of a range of solid tumors [23] [24] [25] and hematologic malignancies [25] [26] [27] . Obesity also increases risk for second primaries [28] [29] [30] and predicts worse prognosis in several types of cancer including those of the breast, esophagus, colon, prostate, kidney, ovary, uterus, liver, tongue, and others [31] [32] [33] [34] . In 2007, it was estimated that about 80,000 new patients were diagnosed with obesityattributable cancers [35] . In addition, overweight and obesity were implicated in at least 15 % of total cancer-specificmortality in a very large study conducted in the United States [31] .
Obesity has been associated with higher breast cancer risk across observational studies, meta-analyses, and systematic reviews in different populations, especially for estrogen receptor positive breast cancer in postmenopausal women [25, [36] [37] [38] [39] . Additional evidence suggests that obese women are also at increased risk for development of triple-negative breast cancer compared to the non-obese [40] . Furthermore, it has been demonstrated that obese and overweight patients with breast cancer have a worse prognosis disease regardless of tumor subtype [31] .
The precise mechanisms that could explain the pathophysiology of the obesity-cancer link are still under investigation. Nonetheless, there are data supporting the importance of both systemic and local tissue effects. Some mechanisms have been proposed, including the role of circulating sex hormones, insulin-IGF signaling, circulating adipokines, and more recently, adipose progenitor cells and the microbiome, which are described below.
Proposed and Possible Mechanisms Sex Hormones
High levels of estrogens can promote tumorigenic effects directly or indirectly via complex mechanisms including DNA damage, genetic instability, and stimulation of cellular proliferation, angiogenesis, and mutations [41] [42] [43] . Studies have reported a positive association between elevated circulating estrogen levels and the risk of postmenopausal breast cancer [44, 45] . After menopause, the production of estrogens occurs primarily in the peripheral adipose tissues via conversion of androgen precursors by the cytochrome P450 dependent enzyme aromatase, which is encoded by the CYP19 gene [32] . Thus the greater risk of hormone receptor positive breast cancer in overweight/obese postmenopausal women has been attributed, in part, to increased estrogen production as a consequence of hyperadiposity [36] . However, despite this increased level of peripherally produced estrogen in overweight/obese patients, circulating estradiol levels are generally much lower in the postmenopausal versus premenopausal state. Nonetheless, the incidence of estrogen-driven breast cancers rises with age and is, therefore, more common in the postmenopausal subgroup despite the cessation of ovarian function [46] . Because pro-inflammatory mediators can activate CYP19, the gene encoding aromatase, it was proposed that this paradoxical increase in the incidence of hormone sensitive breast cancer after menopause may be plausibly explained by the recently described obesity-inflammationaromatase axis, which will be detailed later [47] .
Insulin and Insulin-Like Growth Factor (IGF)
Diabetes and insulin resistance have been associated with increased incidence and worse prognosis for several types of cancer [48] [49] [50] [51] . High levels of circulating insulin (reflecting insulin resistance) are associated with increased BMI and can contribute to cancer development directly (due to mitogenic effects) and indirectly (due to IGF signaling) [52, 53] . In addition, circulating total IGF-1 has also been positively associated with cancer risk, including breast malignances [54, 55] . The insulin-IGF signaling axis is a complex system and several mechanisms have been proposed to explain these associations. Studies have reported that both IGF and insulin interact with estrogen signaling pathways to promote the growth of hormone dependent breast cancers [56] . In obesity, it has been suggested that increased insulin levels stimulate lipolysis [57] and release high amounts of free-fatty acids into the circulation, leading to alterations related to the metabolic syndrome and worsening of hyperadiposity state [58] . Targeting IGF-1 receptor has not, however, yet been successful in breast cancer prevention or treatment suggesting even greater complexity in this pathway [59] .
Circulating Adipokines
Adipokines are adipocyte-derived hormones that have regulatory effects on caloric intake and metabolism, as well as a role in angiogenesis and cell growth. Among their subtypes, leptin and adiponectin seem to have more important roles in the pathophysiology of cancer development and its progression [60] [61] [62] .
Adiponectin, which is secreted only by mature adipocytes, is the most abundant adipokine and has anti-inflammatory activity [63] . Serum levels of adiponectin have an inverse correlation with BMI and epidemiologic and preclinical data suggest a protective effect for increased adiponectin levels on obesity-related cancer risk [64] [65] [66] [67] .
Leptin, which is increased in the obese state, is an important hormone for appetite regulation and energy balance with pro-inflammatory effects. Some studies suggest that high levels of leptin could be associated with increased risk of cancer; however, the data regarding this are conflicting [68, 69] . In this context, the leptin:adiponectin ratio seems to have a greater importance when compared to the isolated levels of these hormones when considering the cancer risk related to the metabolic health of the adipose tissues [70] .
White Adipose Tissue (WAT)-Derived Progenitor Cells
In mice, studies have suggested that mesenchymal stromal cells (MSC) are commonly recruited to tumor sites by pathological signals including hypoxia and inflammation, thereby promoting angiogenesis and tumor progression. Evidence indicates that MSC may arise not only from bone marrow but also from white adipose tissue [71] . Therefore, in the context of obesity, a higher quantity of WAT-derived progenitor cells is expected and this could be another important link to be evaluated further.
The Microbiome
About 500-1000 different species coexist in the human intestine, totaling approximately 100 trillion organisms living in a symbiotic relationship with their individual hosts [72] . Variations on the composition of the intestinal microbiota are commonly related to diet, nutritional state and some health conditions, including obesity [73, 74] . Studies have found associations between the intestinal microbiome and some diseases [75] , as an effect of their pathogenic activities and their metabolites. In addition, recent data suggest that the intestinal microbiome can also be involved in the pathogenesis of some non-intestinal diseases [75] [76] [77] [78] [79] , including cancer (at least in mice) [80] , probably due to the distribution of these microbial metabolites into the host circulation. The potential relationships between the microbiome and cancer are complex. It is speculated that these interactions can occur in different ways, including changes in the balance of host cell proliferation, immune system function, and also in the metabolism of host-produced factors, ingested foods and pharmaceuticals [81] . This is a novel and promising field and needs further investigation.
Inflammation: The Emerging Link Between Obesity and Cancer
The connections between inflammation and cancer have long been described. Earlier observations reported that many cancers occur at sites of chronic inflammation. Later epidemiologic data demonstrating that cancer rates are increased in patients with chronic inflammatory conditions led to the recognition of inflammation as an important contributor to neoplasm development [82] . Pathophysiologically, the tumor microenvironment has been classically described as a wound that will not heal and microscopically includes infiltration by immune cells, production of pro-inflammatory mediators, angiogenesis and tissue remodeling. This resource-rich environment may contribute to the development and promotion of malignant cells as well as enhanced tumor growth, invasion and distant metastasis [83] .
Obesity is now a recognized etiology of chronic and subclinical inflammation [24, [84] [85] [86] . This low grade, smoldering inflammation has been associated with cancer development and promotion [87] . Several inflammatory biomarkers are commonly increased in obese individuals and data suggests a positive correlation between their levels in blood (TNF-α; IL-6) [62] and urine (PGE 2 metabolites) [88] with development and/or progression of breast tumors. In the complex context of systemic inflammation, circulating chemokines are active not only in recruiting monocytes to adipose tissue, but also through the stimulation of macrophage proliferation in the fat pad [89] that contributes to a continuous positive feedback system for local WAT inflammation.
The complex interactions between adipocytes and immune cells in WAT have been the subject of many studies in recent years and the advances in understanding this area have generated new opportunities to explore cause and effect relationships between adipose inflammation and cancer. In mouse models of obesity and in obese humans, macrophages infiltrate visceral and subcutaneous adipose tissue and surround dead or dying adipocytes, forming characteristic crown-like structures (CLS) [84, 86, 90, 91] . WAT inflammation is defined by the presence of these inflammatory foci. These same structures also occur in the mammary glands of obese mice [47] and in the breast tissue of obese women, where they are termed CLS-B (for CLS of the breast) [92] . The presence of CLS-B (Fig. 1) is associated with activation of NF-κB, leading to increased production of TNF-α, IL1β and COX-2 [47, 92] . Importantly, these pro-inflammatory mediators are known inducers of CYP19 transcription, leading to increased aromatase expression and activity in the breast, as described earlier [93] [94] [95] [96] [97] [98] [99] . Collectively, these findings establish the potential role of adipose inflammation, which occurs most often in the context of obesity, in the promotion of local tissue-level estrogen signaling. This places local inflammation at the center of breast cancer pathogenesis for many women and partially addresses the longstanding clinical paradox of the increased incidence of hormone-sensitive breast cancer following the decline of ovarian function (and estrogen production) at menopause.
WAT inflammation has a positive association with BMI [100] and also is associated with alterations consistent with the metabolic syndrome [101] . In a prospective study conducted by our group, CLS-B was present in 43/48 (90 %) obese and 39/73 (53 %) overweight patients. In addition, the postmenopausal state was independently associated with the presence of CLS-B and also with more severe inflammation as evidenced by greater numbers of CLS-B/cm 2 . Alarmingly, we also demonstrated that WAT inflammation is found in up to one third of normal weight women, who probably have the same detrimental biology as obese patients. These observations are possibly aligned with the phenotypic definition of metabolically healthy obesity (MHO) and metabolically unhealthy obesity (MUHO) previously reported in a nononcologic population [102] .
Today the assessment of WAT inflammation requires a pathological evaluation of adipose tissue and this represents a major limitation in terms of broad application as a clinically useful tool. Therefore, several efforts have been made to develop a non-invasive method that can predict CLS-B and its consequences and we have ongoing studies addressing this possibility. It is also a limitation that most of the data regarding WAT inflammation and breast cancer was generated from a predominantly Caucasian population in the United States. Studies of CLS-B distribution in other populations are needed.
Studies evaluating strategies to reduce the breast cancer risk by targeting inflammation have been conducted in the past years and have conflicting results [103] [104] [105] . In these studies, patients were included irrespective of any inflammatory biomarker and this could be a plausible explanation for their mixed conclusions. We believe that a precise assessment of inflammation status represents an important step to develop a meaningful intervention aiming to reduce the cancer risk in the targeted population. Of particular interest in this scenario, interventions with non-steroidal anti-inflammatory drugs (NSAIDs), statins, omega-3 fatty acids, exercise programs and specific diets are to be tested prospectively in future studies.
Conclusions and Perspectives
Obesity is a growing and major public health problem around the world and has been considered by many as a pandemic in the new millennium. Many diseases have been consistently related to obesity, including malignances such as breast cancer. Therefore, we see at least four large challenges as important in this context (Fig. 2) . They should be addressed simultaneously.
First, in alignment with the American Society of Clinical Oncology position statement on obesity and cancer [106] , we need measures focused on both prevention and availability of adequate treatments for obesity reduction. This step contemplates educational measures (highlighting the importance of a balanced nutrition and exercises to maintain or achieve a healthy lifestyle), wide access to multidisciplinary obesity treatment facilities and also possible regulatory interventions. Educational measures are important but have not been sufficient in the past as many other groups have been confronting this issue for decades. Using tobacco control as a model, some countries have attempted legislation aiming at the control of obesity. Although it is a controversial topic and open to many criticisms as it may interfere with perceived personal choices, this approach can be an important step to raise awareness and possibly reduce or limit the rising numbers of obese individuals worldwide. On the other hand, in the developing countries, this fight seems to be even more challenging, particularly because obesity coexists with the challenges of extreme poverty and malnutrition in many cases. In these countries, the implementation of public health programs to control both nutritional scenarios is critical.
A second but not less important challenge is related to our deepening understanding of the relationships between the hyperadiposity state and its associated health conditions, specifically some types of cancer. As described above, a comprehensive understanding of the obesity-cancer links may provide an enormous window of opportunity for the development of strategies to mitigate the obesity-related risks even if we cannot reverse or prevent obesity itself.
The third challenge is to separate phenotype from physiology. From the deeper pathophysiological insights we have gained, we and others have come to understand that the conventional BMI categorizations may be insufficient to identify metabolically unhealthy individuals who happen to have normal weights [100, 102] . The point is illustrated by the observation that some people labeled as obese by existing BMI categories do not have any health conditions commonly related to obesity, including WAT inflammation, while on the other end of the spectrum there are those with normal BMIs who have pathological and clinical findings classically associated with obesity. We will need to better identify the truly Bmetabolically unhealthy obese^across all BMI categories if we wish to effectively intervene and improve population health. It is urgent to identify this population using noninvasive methods, probably through a more accurate body composition assessment, or a personal metabolic profile acquired from a blood-based signature or both.
Finally, as a fourth challenge, after identifying the high-risk population for either cancer development or poor prognosis, intervention strategies will need to be tested prospectively in randomized clinical trials. These can include assisted exercise training, specific nutritional programs, or pharmacological interventions, including but not limited to NSAIDs, metformin and statins as well as so-called nutraceuticals.
The identification of obesity as a global public health problem is clear. Next we need to implement policies informed by our improved understanding of its pathophysiology to attenuate the potentially catastrophic damage caused by this pandemic condition. 
